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(57) ABSTRACT

Prodrugs or pharmaceutically acceptable salts, stereoiso-
mers, solvates, or polymorphs thereol include a pharmaceu-
tically and/or diagnostically active cationic steroidal anti-
microbial (hereinafter  “CSA”) compound or
pharmaceutically acceptable salt, stereoisomer, solvate, or
polymorph thereof, and one or more cleavable groups
(C.G.). Some embodiments mnclude a CSA compound pre-
pared 1n an 1nactive or less active form and that 1s capable
ol conversion to a fully active form upon administration to
a subject, upon preparation of a pharmaceutical formulation
containing the CSA composition, and/or upon exposure to
physiological conditions. Pharmaceutical compositions
include the prodrug or pharmaceutically acceptable salt,
stereo1somer, solvate, or polymorph thereof and one or more
pharmaceutically acceptable excipients. Methods of treat-
ment of bacterial infections 1 a patient 1 need utilize
prodrugs or pharmaceutically acceptable salts, stereoiso-
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CATIONIC STEROIDAL ANTIMICROBIAL
PRODRUG COMPOSITIONS AND USES
THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 62/061,087, filed Oct. 7, 2014, and also

U.S. Provisional Application No. 62/192,221, filed Jul. 14,
20135, the disclosures of which are incorporated herein 1n
their entirety.

BACKGROUND

1. Field of Invention

The disclosure relates generally to cationic steroidal anti-
microbial (“CSA”) compounds and CSA prodrug com-
pounds.

2. Relevant Technology

Cationic steroidal anti-microbial (CSA) compounds,
sometimes referred to as ceragenin compounds, can include
synthetically produced, small molecule chemical com-
pounds that include a sterol or steroid backbone having
various charged groups (e.g., amino, guanidino, and other
cationic groups) attached to the backbone. The compounds
mimic the three-dimensional structure of naturally occurring,
anti-microbial peptides and have shown promise as antimi-
crobial agents. In certain circumstances, 1t may be desired to
provide greater stability, altered solubility, or reduced or
delayed chemical reactivity of the compounds.

BRIEF SUMMARY

Embodiments of the present disclosure include CSA
prodrug compositions, including pharmaceutically accept-
able salts, stereoisomers, solvates, or polymorphs thereof,
comprising a pharmaceutically and/or diagnostically active
CSA compound or a pharmaceutically acceptable salt, ste-
reoisomer, solvate, or polymorph thereof, and one or more
cleavable groups. Certain embodiments include CSA com-
pounds prepared 1n an inactive form and capable of conver-
sion to an active form (e.g., by removal of the one or more
cleavable groups) upon admuinistration to a subject, upon
preparation of a pharmaceutical formulation containing the
CSA compound, and/or upon exposure to physiological
conditions. Additionally, the present application describes
pharmaceutical compositions comprising said prodrug or a
pharmaceutically acceptable salt, stereoisomer, solvate, or
polymorph thereof and one or more pharmaceutically
acceptable excipients. Finally, the present application
describes methods of treatment of infections 1n a patient 1n
need utilizing the prodrugs, or pharmaceutically acceptable
salts, stereoisomers, solvates, or polymorphs thereof and/or
the pharmaceutical compositions described herein.

The prodrugs of the present application generally include
a CSA compound or a pharmaceutically acceptable sallt,
stereo1somer, solvate, or polymorph thereotf (A) and one or
more cleavable groups (B) directly bound to the CSA
compound according to formula I:

A-B, (D)

wherein n 1s an integer.

By way of example and 1n some embodiments, exemplary
CSA’s according to (A) can be compounds or pharmaceu-
tically acceptable salts or stereoisomers or solvates or poly-
morphs having the general formula II:
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(1)

wherein, R, R, R, and R, are described herein.

The one or more cleavable groups (B) include protecting
groups (€.g., amino protecting groups) that cleave from the
CSA compound under physiological conditions and/or dur-
ing the preparation of a pharmaceutical formulation.

In some embodiments, the charged cationic functional
groups of the CSA compounds described herein may be
reversibly converted to an 1nactive or less than fully active
form. In particular embodiments, CSA compounds are pre-
pared 1n an 1active or less active form as prodrugs, such that
when administered to a subject (e.g., animal or human) 1n an
inactive or less active form, the CSA prodrug compound 1s
converted to an active form through normal metabolic
processes ol the subject or by physiological conditions
within the subject. In other embodiments, the CSA prodrug
compounds exhibit an mactive or less active form capable of
conversion to an active form belfore administration to a
subject, such as when the CSA prodrug compound 1s added
to a pharmaceutical formulation or otherwise associated
with other compounds during the preparation of a pharma-
ceutical formulation.

Embodiments of CSA prodrugs may be useful for altering
a CSA composition to achieve pharmaceutical advantages
and benefits. For example, a CSA prodrug may ofler ben-
efits, advantages, and uses not available 1 a fully active
CSA compound, such as altered solubility, lipophilicity,
ionization activity, diffusion mechanics, and/or pKa values
(e.g., with respect to an amino or gaunidino cationic func-
tional group). A CSA prodrug might be used to improve how
a medicine 1s absorbed, distributed, metabolized, and/or
excreted, and may widen the therapeutic window, increase
the half-life 1n serum, and/or maintain concentrations above
cllective dose for suflicient duration to be eflective.

Other aspects and advantages of the invention will be
apparent from the following description and the appended
claims. The various characteristics described above, as well
as other features, will be readily apparent to those skilled 1n
the art upon reading the following description. This sum-

mary 1s therefore not intended to i1dentily key or essential
features of the claimed subject matter, nor 1s 1t intended to
be used as an aid in limiting the scope of the claims.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a chart that graphically illustrates Kinetic
Mimmum Inhibitory Concentrations of Cationic Steroidal
Antimicrobial prodrug CSA-13 MS (1llustrated as colony
forming umts per milliliter versus time).

FIG. 2 1s a chart that graphically illustrates Kinetic
Mimmum Inhibitory Concentrations of Cationic Steroidal
Antimicrobial prodrug CSA-192 MS (illustrated as colony
forming umts per milliliter versus time).

DETAILED DESCRIPTION

The following i1s directed to various embodiments of the
disclosure. The embodiments disclosed should not be inter-
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preted, or otherwise used, to limit the scope of the disclosure
including the claims. In addition, those having ordinary skill
in the art will appreciate that the following description has
broad application, and the discussion of any embodiment 1s
not intended to suggest that the scope of the disclosure,
including the claims, 1s limited to that embodiment.

Disclosed herein are prodrugs or pharmaceutically
acceptable salts, or stereoisomers, or solvates or polymorphs
thereol comprising a pharmaceutically and/or diagnostically
active cationic steroidal antimicrobial (heremnafter “CSA”)
compound or a pharmaceutically acceptable salt, or a ste-
reoisomer, or a solvate or a polymorph thereof, and one or
more cleavable groups. Additionally, the present application
describes pharmaceutical compositions comprising said pro-
drug or a pharmaceutically acceptable salt, or a stereoiso-
mer, or a solvate or a polymorph thereof and one or more
pharmaceutically acceptable excipients. Finally, the present
application describes methods of treatment of bacterial
infections 1n a patient 1n need utilizing the prodrugs or
pharmaceutically acceptable salts, or stereoisomers, or sol-
vates or polymorphs thereof and/or the pharmaceutical com-
positions described herein.

The term “prodrug’™ as employed herein 1s a medication or
compound that 1s administered or used 1n an 1nactive or less
than fully active form, and 1s then converted to its active
form through a normal metabolic or chemical process, such
as hydrolysis of an ester form of the drug. A “prodrug” 1s a
precursor chemical compound of a drug. Instead of admin-
istering a drug, a prodrug might be used instead to improve
how a medicine 1s absorbed, distributed, metabolized, and
excreted (ADME). Prodrugs are often designed to improve
bioavailability when a drug itself 1s poorly absorbed from
the gastrointestinal tract. A prodrug may be used to improve
how selectively the drug interacts with cells or processes
that are not 1ts intended target. Specifically, the cleavable
group(s) may be chosen such that 1t undergoes a relatively
slow hydrolysis to the active form of the drug at normal
physiological pH but undergoes hydrolysis at higher rates
when the pH 1s either more basic or more acidic.

Without wishing to be bound by any particular theory, the
prodrugs described herein, non-limiting examples of which
include methane sulfonate derivatives of CSA-13 (CSA-13
MS), when exposed to body fluids (or aqueous solutions),
undergo a slow hydrolysis that leads to conversion of the
pro-drug form to the active form of the drug. This conver-
s1on can be selected to occur at higher rates when the pH 1s
cither more basic or more acidic than neutral pH. The
prodrug form of CSA-13 may preferentially undergo hydro-
lysis at such sites leading to increased concentration at the
site(s) of interest. Furthermore, the prodrugs described
herein may confer the following advantages: (1) widen the
therapeutic window; (11) increase half-life 1n serum; and/or
(111) maintain concentrations above eflective dose for suili-
cient duration to be eflective.

A more generalized embodiment the present invention
provides for prodrugs or pharmaceutically acceptable salts,
or stereoisomers, or solvates or polymorphs thereof, com-
prising CSA compounds and one or more cleavable groups
according to formula I

A-B, (D)

wherein, A 1s a CSA compound or a pharmaceutically
acceptable salt, or a stereoisomer, or a solvate or a poly-
morph thereof; B 1s one or more cleavable groups directly
bound to the CSA compound; and n 1s an integer selected
from the group consisting of 1, 2, 3 and 4.
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4
Definitions

The following definitions apply to the terms as used
throughout this specification, unless otherwise limited in
specific mstances.

As used herein, the term “alkyl” denotes branched or
unbranched

hydrocarbon chains contaiming 1 to 20 carbons,
preferably 1 to 12 carbons, and more preferably 1 to 8
carbons, 1n the normal chain, such as, methyl, ethyl, propyl,
1sopropyl, butyl, sec-butyl, iso-butyl, tert-butyl, pentyl,
hexyl, 1sohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2.4-
trimethylpentyl and the like. Further, alkyl groups, as
defined herein, may optionally be substituted on any avail-
able carbon atom with one or more functional groups
commonly attached to such chains, such as, but not limited
to hydroxyl, halo, haloalkyl, cyano, mercapto, alkylthio,
heterocyclyl, aryl, heteroaryl, carboxyl, carbalkoyl, carbox-
amido, carbonyl, carbamyl, ureayl, gnamidinyl, alkyl, alk-
enyl, alkynyl, nitro, amino, alkoxyl, aryloxyl, heteroary-
loxyl, amido, and the like to form alkyl groups such as
tritluoromethyl, 3-hydroxyhexyl, 2-carboxypropyl, 2-fluo-
roethyl, carboxymethyl, cyanobutyl and the like.

Unless otherwise indicated, the term “alkenyl” as used
herein by itself or as part of another group refers to straight
or branched chain radicals of 2 to 20 carbons, preferably 2
to 12 carbons, and more preferably 2 to 8 carbons with one
or more double bonds 1n the normal chain, such as vinyl,
2-propenyl, 3-butenyl, 2-butenyl, 4-pentenyl, 3-pentenyl,
2-hexenyl, 3-hexenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl,
3-octenyl, 3-nonenyl, 4-decenyl, 3-undecenyl, 4-dodecenyl,
4,8,12-tetradecatrienyl, and the like. Further, alkenyl groups,
as defined herein, may optionally be substituted on any
available carbon atom with one or more functional groups
commonly attached to such chains, such as, but not limited
to halo, haloalkyl, alkyl, alkoxy, alkynyl, aryl, arylalkyl,
cycloalkyl, amino, hydroxyl, heteroaryl, cycloheteroalkyl,
alkanoylamino, alkylamido, arylcarbonylamino, nitro,
cyano, mercapto, and alkylthio.

Unless otherwise indicated, the term “alkynyl” as used
herein by itsell or as part of another group refers to straight
or branched chain radicals of 2 to 20 carbons, preferably 2
to 12 carbons and more preferably 2 to 8 carbons with one
or more triple bonds in the normal chain, such as 2-propynyl,
3-butynyl, 2-butynyl, 4-pentynyl, 3-pentynyl, 2-hexynyl,
3-hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl,
3-nonynyl, 4-decynyl, 3-undecynyl, 4-dodecynyl and the
like. Further, alkynyl groups, as defined herein, may option-
ally be substituted on any available carbon atom with one or
more functional groups commonly attached to such chains,
such as, but not limited to halo, haloalkyl, alkyl, alkoxy,
alkenyl, aryl, arylalkyl, cycloalkyl, amino, hydroxyl, het-
eroaryl, cycloheteroalkyl, alkanoylamino, alkylamido, aryl-
carbonylamino, nitro, cyano, mercapto, and alkylthio.

Unless otherwise indicated, the term “cycloalkyl” as
employed herein alone or as part of another group includes
saturated or partially unsaturated (containing one or more
double bonds) cyclic hydrocarbon groups containing 1 to 3
rings, appended or fused, including monocyclicalkyl, bicy-
clicalkyl and tricyclicalkyl, containing a total of 3 to 20
carbons forming the rings, preferably 3 to 10 carbons,
forming the rings and which may be fused to 1 or 2 aromatic
rings as described for aryl, which include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooc-
tyl, cyclodecyl and cyclododecyl, cyclohexenyl,
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Further, any cycloalkyl may be optionally substituted
through any available carbon atoms with one or more groups
selected from the group consisting of hydrogen, halo,
haloalkyl, alkyl, alkoxy, haloalkyloxy, hydroxyl, alkenyl,
alkynyl, aryl, aryloxy, heteroaryl, heteroaryloxy, arylalkyl,
heteroarylalkyl, alkylamido, alkanoylamino, oxo, acyl, aryl-
carbonylamino, amino, nitro, cyano, mercapto, and alkyl-
thio.

The term “cycloalkylalkyl” as used herein alone or as part
of another group refers to alkyl groups as defined above
having a cycloalkyl substituent, wherein said “cycloalkyl™
and/or “alkyl” groups may optionally be substituted as

defined above.
Unless otherwise indicated, the term “‘aryl” as emploved

herein alone or as part of another group refers to monocyclic
and bicyclic aromatic groups containing 6 to 10 carbons 1n
the ring portion (such as phenyl, 1-naphthyl and 2-naphthyl)
and may optionally include one to three additional carbo-
cyclic or heterocyclic fused rings, for example
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Further, “aryl” as defined herein, may optionally be
substituted with one or more functional groups, such as halo,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, hetero-
cyclyl, heterocycloalkyl, aryl, heteroaryl, arylalkyl, arylal-
kenyl, heteroarylalkyl, heteroarylalkenyl, haloalkyl, CFj;,
hydroxy, alkoxy, haloalkoxy, OCF,, OCF,H, aryloxy, het-
eroaryloxy, arylalkoxy, alkylcarbonyloxy, arylcarbonyloxy,
aryloxyalkyl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
aminocarbonylaryl, heteroarylheteroaryl, nitro, cyano, ary-
lazo, amino, substituted amino wherein the amino includes
1 or 2 substituents (which are alkyl or aryl), alkylcarbo-
nylamino, arylcarbonylamino, alkylsulfonylamino, arylsul-
fonylamino, mercapto, alkylthio, arylthio, alkoxyarylthio,
heteroarylthio, arylsulfinyl, alkylsulfonyl, arylsulfonyl, aryl-
thioalkyl, arylsulfinylalkyl, arylsulfonylalkyl, alkylsulfonyl-
alkyl, or arylsulfonaminocarbonyl.

Unless otherwise indicated, the term “heteroaryl” as used
herein alone or as part of another group refers to a 5- or
6-membered aromatic ring which includes 1, 2, 3 or 4
heteroatoms such as nitrogen, oxygen or sulfur. Such rings
may be fused to an aryl, cycloalkyl, heteroaryl or heterocy-
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clyl group and include possible N-oxides as described in
Katritzky, A. R. and Rees, C. W., eds. Comprehensive
Heterocyclic Chemistry: The Structure, Reactions, Synthe-
s1s and Uses ol Heterocyclic Compounds 1984, Pergamon
Press, New York, N.Y.; and Katritzky, A. R., Rees, C. W.,
Scriven, E. F., eds. Comprehensive Heterocyclic Chemaistry
II: A Review of the Literature 1982-1995 1996, Elsevier
Science, Inc., Tarrytown, N.Y.; and references therein. Fur-
ther, “heteroaryl”, as defined herein, may optionally be
substituted with one or more substituents such as the sub-
stituents included above in the definition of “substituted
alkyl” and “substituted aryl”. Examples of heteroaryl groups
include the following:
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and the like.

The term “heteroarylalkyl” as used herein alone or as part
of another group refers to alkyl groups as defined above
having a heteroaryl substituent, wherein said heteroaryl
and/or alkyl groups may optionally be substituted as defined
above.

The term “heterocyclo”, “heterocycle”, “heterocyclyl” or
“heterocyclic nng”, as used herein, represents an unsubsti-
tuted or substituted stable, 4 to 7-membered monocyclic ring
system which may be saturated or unsaturated, and which
consists of carbon atoms, with one to four heteroatoms
selected from the group consisting of nitrogen, oxygen or
sulfur, and wherein the nitrogen and sulfur heteroatoms may
optionally be oxidized, and the nitrogen heteroatom may
optionally be quaternized. The heterocyclic ring may be
attached at any heteroatom or carbon atom which results 1n
the creation of a stable structure. Examples of such hetero-
cyclic groups include, but are not limited to, piperidinyl,
piperazinyl, oxopiperazinyl, oxopiperidinyl, oxopyrrolidi-
nyl, oxoazepinyl, azepinyl, pyrrolyl, pyrrolidinyl, furanyl,
thienyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
oxazolyl, oxazolidinyl, 1sooxazolyl, 1soxazolidinyl, mor-
pholinyl, thiazolyl, thiazolidinyl, 1sothiazolyl, thiadiazolyl,
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tetrahydropyranyl, thiamorpholinyl, thiamorpholinyl sultfox-
1ide, thiamorpholinyl sulfone, oxadiazolyl and other hetero-
cycles described in Katritzky, A. R. and Rees, C. W., eds.
Comprehensive Heterocyclic Chemistry: The Structure,
Reactions, Synthesis and Uses of Heterocyclic Compounds
1984, Pergamon Press, New York, N.Y.; and Katritzky, A.
R., Rees, C. W.,, Scriven, E. F., eds. Comprehensive Het-
erocyclic Chemistry II: A Review of the Literature 1982-
1995 1996, Elsevier Science, Inc., Tarrytown, N.Y.; and
references therein.

The term “heterocycloalkyl” as used herein alone or as
part of another group refers to alkyl groups as defined above
having a heterocyclyl substituent, wherein said heterocyclyl
and/or alkyl groups may optionally be substituted as defined
above.

The terms “arylalkyl”, “arylalkenyl” and “arylalkynyl™ as
used alone or as part of another group refer to alkyl, alkenyl
and alkynyl groups, respectively, as defined above having an
aryl substituent as defined above. Representative examples
of arylalkyl include, but are not limited to, benzyl, 2-phe-
nylethyl, 3-phenylpropyl, benzhydryl and naphthylmethyl
and the like.

The terms “alkoxy”, “aryloxy”, “heteroaryloxy”, “arylal-
kyloxy™ or “heteroarylalkyloxy” as employed herein alone
or as part of another group 1nclude, respectively, alkyl, aryl,
heteroaryl, arylalkyl and heteroarylalkyl groups as defined
above linked through an oxygen atom.

The term “halogen” or “halo” as used herein alone or as
part of another group refers to chlorine, bromine, fluorine,
and 1odine, with bromine, chlorine or fluorine being pre-
ferred.

The term “cyano,” as used herein alone or as part of
another group, refers to a —CN group.

The term “methylene,” as used herein alone or as part of
another group, refers to a —CH.,— group.

The term “nitro,” as used herein alone or as part of another
group, refers to a —NO, group.

The term “acyl”, as employed herein alone or as part of
another group 1ncludes, alkyl, aryl, heteroaryl, arylalkyl and
heteroarylalkyl groups as defined above linked through a
carbonyl group.

The term “amino”, as employed herein alone or as part of
another group refers to a nitrogen atom that may be either
terminal or a linker between two other groups, wherein the
group may be a primary, secondary or tertiary (two hydrogen
atoms bonded to the nitrogen atom, one hydrogen atom
bonded to the nitrogen atom and no hydrogen atoms bonded
to the nitrogen atom, respectively) amine such as, for
example, amino, aminoalkyl, aminoalkenyl, aminoalkynyl,
aminoaryl, aminoheteroaryl, aminocycloalkyl, alkylamino,
alkenylamino, alkynylamino, arylamino, heteroarylamino,
cycloalkylamino, carboaminoalkyl, carboaminoalkenyl, car-
boaminoakynyl, carboaminoaryl, carboaminocycloalkyl,
carboheterocyclyl, carboheteroaryl, carboaminoheterocy-
clyl, carboaminoheteroaryl, aminocarboalkyl, aminocar-
boalkenyl, aminocarboalkynyl, aminocarboaryl, aminocar-
bocycloalkyl, aminocarboheterocyclyl,
aminocarboheteroaryl, oxycarboaminoalkyl, oxycarboam-
inoalkenyl, oxycarboaminoalkynyl, oxycarboaminoaryl,
oxycarboaminocycloalkyl, oxycarboaminoheterocyclyl,
oxycarboaminoheteroaryl, aminocarboxyalkyl, aminocar-
boxyalkenyl, aminocarboxyalkynyl, aminocarboxyaryl,
aminocarboxycycloalkyl, aminocarboxyheterocyclyl, amin-
ocarboxyheteroaryl, aminocarboaminoalkyl, aminocar-
boaminoalkenyl, aminocarboaminoalkynyl, aminocarboam-
mnoaryl, aminocarboaminocycloalkyl,
aminocarboheterocyclyl, aminocarboheteroaryl, aminocar-
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10

boaminoheterocyclyl, aminocarboaminoheteroaryl,
laminocarbonylalkyl, and alkylamidoalkyl.

alky-

CSA Molecules and Compositions

Cationic steroidal anti-microbial (CSA) molecules, some-
times referred to as CSA compounds or ceragenin com-
pounds, can include synthetically produced, small molecule
chemical compounds that include a sterol or steroid back-
bone having various charged groups (e.g., amino, guanidino,
and other cationic groups) attached to the backbone. The
compounds mimic the three-dimensional structure of natu-
rally occurring anti-microbial peptides. CSAs are cationic
and amphiphilic, based upon the functional groups attached
to the backbone. The backbone can be used to orient cationic
functional groups, such as amino or guanidino groups, on a
face or plane of the backbone. They may be facially amphi-
philic with a hydrophobic face and a polycationic face.

Without wishing to be bound by theory, the anti-microbial
ceragenmn compounds described herein act as anti-microbial
agents (e.g., anti-bacterials, anti-fungals, and anti-virals). It
1s believed, for example, that the anti-microbial ceragenin
compounds described herein act as anti-bacterials by bind-
ing to the outer cellular membrane of bacteria and other
microbes and iserting into the cell membrane forming a
pore that allows the leakage of 10ons that are critical to the
microbe’s survival and leading to the death of the affected
microbe. In addition, the anti-microbial ceragenin com-
pound described herein may also act to sensitize bacteria to
other antibiotics. For example, at concentrations of the
anti-microbial ceragenin compounds below the correspond-
Ing minmimum bacteriostatic concentration, the ceragenins
cause bacteria to become more susceptible to other antibi-
otics by increasing the permeability of the outer membrane
of the bactena.

Examples of CSA compounds according to (A) of For-
mula I are shown in Formulae II, III and IV, wherein
Formula IV differs from Formula III by omitting R, - and the
ring carbon to which 1t 1s attached. Formula II 1s a special
example of Formulae III and IV. The R groups shown 1n the
Formulae can have a variety of different structures, as
discussed below.

(I11)

(IV)
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-continued

(1)

CSA compounds having a variety of different residues (R
groups) and methods of manufacturing CSA compounds
useiul 1n accordance with the present disclosure are dis-

closed 1n U.S. Pat. Nos. 6,350,738, 6,486,148, 6,767,904,
7,598,234 and 7,754,705, and U.S. Application Nos. 14/866,
213, 14/341,304, 62/191,916, 62/191,922, and 62/191,926

which are incorporated herein by reference.

In embodiments of Formulas III and IV, each of fused
rings A, B, C, and D may be independently saturated, or may
be fully or partially unsaturated, provided that at least two of
A, B, C, and D are saturated, wherein rings A, B, C, and D
form a ring system. Other ring systems can also be used, e.g.,
S-member fused rings and/or compounds with backbones
having a combination of 5- and 6-membered rings.

In some embodiments, R, through R,, R, R, R;;, R,
R, ., R4, and R, 4 are mndependently selected from the group
consisting of hydrogen, hydroxyl, a substituted or unsubsti-

tuted alkyl, a substituted or unsubstituted hydroxyalkyl, a
substituted or unsubstituted alkyloxyalkyl, a substituted or
unsubstituted alkylcarboxyalkyl, a substituted or unsubsti-
tuted alkylaminoalkyl, a substituted or unsubstituted alky-
laminoalkylamino, a substituted or unsubstituted alkylam-
inoalkylaminoalkylamino, a substituted or unsubstituted
aminoalkyl, a substituted or unsubstituted aryl, a substituted
or unsubstituted arylaminoalkyl, a substituted or unsubsti-
tuted haloalkyl, a substituted or unsubstituted alkenyl, a
substituted or unsubstituted alkynyl, oxo, a linking group
attached to a second steroid molecule, a substituted or
unsubstituted aminoalkyloxy, a substituted or unsubstituted
aminoalkyloxyalkyl, a substituted or unsubstituted amino-
alkylcarboxy, a substituted or unsubstituted aminoalkylam-
inocarbonyl, a substituted or unsubstituted aminoalkylcar-
boxamido, a substituted or unsubstituted di(alkyl)
aminoalkyl, H,.N—HC(Q.)-C(O)—0O—, H,N—HC(Q;)-C
(O)—N(H)—, a substituted or unsubstituted azidoalkyloxy,
a substituted or unsubstituted cyanoalkyloxy, P.G.-HN—HC
(Q5)-C(O)—0O—, a substituted or unsubstituted guanidino-
alkyloxy, a substituted or unsubstituted quaternary ammo-
nium alkylcarboxy, and a substituted or unsubstituted
guanidinoalkyl carboxy, where Q. 1s a side chain of any
amino acid (including a side chain of glycine, 1.¢., H), and
P.G. 1s an amino protecting group.

In some embodiments, R, Ry, Rg, R4, R;5, Ry, and R,
are independently deleted when one of rings A, B, C, or D
1s unsaturated so as to complete the valency of the carbon
atom at that site, or R, R;, Ry, R4, R5, and R, are
independently selected from the group consisting of hydro-
gen, hydroxyl, a substituted or unsubstituted alkyl, a sub-
stituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted alkyloxyalkyl, a substituted or unsubstituted
aminoalkyl, a substituted or unsubstituted aryl, a substituted
or unsubstituted haloalkyl, a substituted or unsubstituted
alkenyl, a substituted or unsubstituted alkynyl, oxo, a link-
ing group attached to a second steroid, a substituted or
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unsubstituted aminoalkyloxy, a substituted or unsubstituted
aminoalkylcarboxy, a substituted or unsubstituted amino-
alkylaminocarbonyl, a substituted or unsubstituted di(alkyl)
aminoalkyl, H,N—HC{(Q:)-C(O)—0O—, H,N—HC(Q,)-C
(O)>—N(H)—, azidoalkyloxy, cyanoalkyloxy, P.G.-HN—
HC(Q:)-C(O)—0O—, guanidinoalkyloxy, and
guanidinoalkylcarboxy, where Q. 1s a side chain of any
amino acid, P.G. 1s an amino protecting group, provided that
at least two or three of R, ,, R, R, R, R,,, R, ., R, R,
and R, are independently selected from the group consist-
ing of a substituted or unsubstituted aminoalkyl, a substi-
tuted or unsubstituted aminoalkyloxy, a substituted or
unsubstituted alkylcarboxyalkyl, a substituted or unsubsti-
tuted alkylaminoalkylamino, a substituted or unsubstituted
alkylaminoalkylaminoalkylamino, a substituted or unsubsti-
tuted aminoalkylcarboxy, a substituted or unsubstituted ary-
laminoalkyl, a substituted or unsubstituted aminoalky-
loxyaminoalkylaminocarbonyl, a substituted or
unsubstituted aminoalkylaminocarbonyl, a substituted or
unsubstituted aminoalkylcarboxyamido, a quaternary
ammonium alkylcarboxy, a substituted or unsubstituted

di(alkyl)aminoalkyl, H,N—HC(Q.)-C(O)—0O— H,N—
HC(Q;)-C(O)—N(H)—, azidoalkyloxy, cyanoalkyloxy,
P.G.-HN—HC(Q;)-C(O)—0O—, a substituted or unsubsti-

tuted guanidinoalkyloxy, and a substituted or unsubstituted
guanidinoalkylcarboxy.

In some embodiments, R, through R, R, R, R,;, R,
R, ., R, and R4, preferably at least two, are independently
selected from the group consisting of hydrogen, hydroxyl, a
substituted or unsubstituted (C,-C,,) alkyl, a substituted or
unsubstituted (C,-C,,) hydroxyalkyl, a substituted or unsub-
stituted (C,-C,,) alkyloxy-(C,-C,,) alkyl, a substituted or
unsubstituted (C,-C,,) alkylcarboxy-(C,-C,,) alkyl, a sub-
stituted or unsubstituted (C,-C,,) alkylamino-(C,-C,,)
alkyl, a substituted or unsubstituted (C,-C,,) alkylamino-
(C,-C,,) alkylamino, a substituted or unsubstituted (C,-C,)
alkylamino-(C,-C,,) alkylamino-(C,-C,,) alkylamino, a
substituted or unsubstituted (C,-C,,) aminoalkyl, a substi-
tuted or unsubstituted aryl, a substituted or unsubstituted
arylamino-(C,-C,,) alkyl, a substituted or unsubstituted
(C,-C,,) haloalkyl, a substituted or unsubstituted C,-C,
alkenyl, a substituted or unsubstituted C,-C . alkynyl, oxo, a
linking group attached to a second steroid, a substituted or
unsubstituted (C,-C,,) aminoalkyloxy, a substituted or
unsubstituted (C,-C,,) aminoalkyloxy-(C,-C,,) alkyl, a
substituted or unsubstituted (C,-C,,) aminoalkylcarboxy, a
substituted or unsubstituted (C,-C,,) aminoalkylaminocar-
bonyl, a substituted or unsubstituted (C,-C,,) aminoalkyl-
carboxamido, a substituted or unsubstituted di(C,-C,, alkyl)
aminoalkyl, H,N—HC(Q;)-C(O)—0O—, H,N—HC(Q,)-C
(O)>—N(H)—, a substituted or unsubstituted (C,-C,,)
azidoalkyloxy, a substituted or unsubstituted (C,-C,,) cya-
noalkyloxy, P.G.-HN—HC(Q.)-C(O)—0O—, a substituted
or unsubstituted (C,-C,,) guanidinoalkyloxy, a substituted
or unsubstituted (C,-C,,) quaternary ammonium alkylcar-
boxy, and a substituted or unsubstituted (C,-C,,) guanidi-
noalkyl carboxy, where Q) 1s a side chain of any amino acid
(including a side chain of glycine, 1.e., H), and P.G. 1s an
amino protecting group;

In some embodiments, R, Rq, Ro, R,5, R;5, Ry, and R,
are independently deleted when one of rings A, B, C, or D
1s unsaturated so as to complete the valency of the carbon
atom at that site, or R, Rs, Ry, R,,, Ry5, and R,, are
independently selected from the group consisting of hydro-
gen, hydroxyl, a substituted or unsubstituted (C,-C,,) alkyl,
a substituted or unsubstituted (C,-C,,) hydroxyalkyl, a
substituted or unsubstituted (C,-C,,) alkyloxy-(C,-C,,)
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alkyl, a substituted or unsubstituted (C,-C,,) aminoalkyl, a
substituted or unsubstituted aryl, a substituted or unsubsti-
tuted (C,-C,,) haloalkyl, a substituted or unsubstituted
(C,-C,) alkenyl, a substituted or unsubstituted (C,-C) alky-
nyl, oxo, a linking group attached to a second steroid, a
substituted or unsubstituted (C,-C,,) aminoalkyloxy, a sub-
stituted or unsubstituted (C, -C,,) aminoalkylcarboxy, a sub-
stituted or unsubstituted (C,-C,,) aminoalkylaminocarbo-
nyl, a substituted or unsubstituted di(C,-C,,) alkyl)
aminoalkyl, H.N—HC(Q:)-C(O)—0O—, H,N—HC(Q;)-C
(O —N(H)—, a substituted or unsubstituted (C,-C,,)
azidoalkyloxy, a substituted or unsubstituted (C,-C,,) cya-
noalkyloxy, P.G.-HN—HC(Q.)-C(O)—0O—, a substituted
or unsubstituted (C,-C, ) guanidinoalkyloxy, and (C,-C,,)
guanidinoalkylcarboxy, where Q. 1s a side chain of any
amino acid, and P.GG. 1s an amino protecting group.

In the embodiments, at least two of R;, R,, and R, may
independently include a cationic moiety (e.g., amino or
guanidino groups) bonded to the steroid backbone structure
via a non-hydrolysable or hydrolysable linkage. For the
embodiments of the present disclosure, the linkage 1s pret-
erably non-hydrolysable under conditions of sterilization
and storage, and physiological conditions. Such cationic
functional groups (e.g., amino or guanidino groups) may be
separated from the backbone by at least one, two, three, four
Or more atoms.

Optionally, a tail moiety may be attached to the backbone
structures at R, .. The tail moiety may have variable chain
length or size and may be charged, uncharged, polar, non-
polar, hydrophobic, amphipathic, and the like. The tail
moiety may, for example, be configured to alter the hydro-
phobicity/hydrophilicity of the ceragenin compound. CSA
compounds ol the present disclosure having different
degrees ol hydrophobicity/hydrophilicity may, for example,
have different rates of uptake 1nto diflerent target microbes.

In some embodiments, the CSA compound 1s according to
Formula II.

(1)

where,
R, 1s selected from the group consisting of: hydroxy,
optionally substituted (C,-C,,) alkoxy, optionally substi-

as 111
m“"“-
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tuted amino, optionally substituted (C,-C,5) alkylamido,
optionally substituted (C,-C, ) alkylureayl, optionally sub-
stituted (C,-C,5) alkylcarboxy, and optionally substituted
ureayl;

R, 1s selected from the group consisting of: H, hydroxy,
optionally substituted (C,-C,.) alkoxy, optionally substi-
tuted amino, optionally substituted (C,-C,) alkylamido,
optionally substituted (C,-C, ) alkylureayl and optionally
substituted (C,-C, ) alkylcarboxy;

R, 1s selected from the group consisting of: H, hydroxy,
optionally substituted (C,-C,,) alkoxy, optionally substi-
tuted amino, optionally substituted (C,-C,4) alkylamido,
optionally substituted (C,-C, ;) alkylureayl, optionally sub-
stituted (C,-C,,) alkylcarboxy, and optionally substituted
ureayl; and

R,; 1s selected from the group consisting of: H and
optionally substituted (C,-C, ) alkyl.

In some embodiments, at least R,; has the following
structure:

—Ro0—(C=0)—N—=Ry Ry,

where,

R.,, 1s omitted or substituted or unsubstituted alkyl, alk-
enyl, alkynyl, or aryl, such as substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl,
substituted or unsubstituted C,-C, , alkynyl, or substituted or
unsubstituted C, or C,, aryl, and

R,;, and R,, are independently selected from the group
consisting ol hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsub-
stituted alkynyl, or substituted or unsubstituted aryl, pro-
vided that at least one of R,, and R,, 1s not hydrogen.

In some embodiments, R,;, and R,, are independently
selected from the group consisting of hydrogen, optionally
substituted C,-C,, alkyl, optionally substituted C,-C,, alk-
enyl, optionally substituted C,-C,, alkynyl, optionally sub-
stituted C, or C,, aryl, optionally substituted 5 to 10 mem-
bered heteroaryl, optionally substituted 5 to 10 membered
heterocyclyl, optionally substituted C,-C, , aralkyl, option-
ally substituted (5 to 10 membered heteroaryl)-C, -C, alkyl,
optionally substituted C,-C, , carbocyclyl, optionally substi-
tuted C,-C,, (carbocyclyl)alkyl, optionally substituted (5 to
10 membered heterocyclyl)-C,-C, alkyl, optionally substi-
tuted amido, and a suitable amine protecting group, provided
that at least one of R,; and R, 1s not hydrogen.

In some embodiments, R,, and R,,, together with the
atoms to which they are attached, can form an optionally
substituted 5 to 10 membered heterocyclyl ring.

In certain embodiments, the CSA compound or pharma-
ceutically acceptable salt, or stereoisomer, or solvate or
polymorph (A) has a CSA structure selected from the group
consisting of:

(CSA-8)

OH,
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In some embodiments, the CSA compound or pharma- polymorph (A) has the CSA structure CSA-13 with the

ceutically acceptable salt, or stereoisomer, or solvate or tollowing chemical structure:
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In some embodiments, the CSA compound or pharma-
ceutically acceptable salt, or stercoisomer, or solvate or

22

N N N

One of skill 1in the art will recognize that other cationic
functional groups may be utilized, and that the cationic

polymorph (A) has the CSA structure CSA-192 with the 15 functional groups may be bonded to the steroid backbone

following chemical structure:

m 11
s I

w
LN /\/\ o™

As discussed herein, the anti-microbial activity of the
CSA compounds can be aflected by the orientation of the
substituents attached to the backbone structure. In one
embodiment, the substituents attached to the backbone
structure are oriented on a single face of the CSA compound.
Accordingly, each of R;, R, and R,, may be positioned on
a single face of the steroid backbone embodiments shown 1n
Formulas II, III, and IV. In addition, R, ; may be positioned
on the same single face.

In some embodiments, one or more of R;, R, or R, may
include an amino group as a cationic functional group and
may be bonded to the steroid backbone by an ether linkage.
For example, one or more of Ry, R, or R,, may be an
aminoalkyloxy group. An example includes H,N-alkyl-O—,
wherein the alkyl portion 1s straight or branched and has
from 1 to 25 carbon atoms or more. In particular embodi-
ments, the alkyl portion has from 1 to 15 carbon atoms. In
other particular embodiments, the alkyl portion has from 1
to 6 carbon atoms. In a preferred embodiment, the alkyl
portion 1s a straight chain with 3 carbon atoms, and therefore
one or more of R;, R, or R,, may be an aminopropyloxy
group such as H,N-propyl-O—.

In some embodiments, one or more of R;, R, or R, may
include a guanidine group as a cationic functional group and
may be bonded to the steroid backbone by an ether linkage.
For example, one or more of R;, R, and R,, may be a

guanidinoalkyloxy group. An example includes H,N—C
(=NH)—NH-alkyl-O—,

LN N
2
T SAlkyl-O =
NI

wherein the alkyl portion 1s defined as with the embodiments
described above. In a preferred embodiment, the alkyl
portion 1s a straight chain with 3 carbon atoms, and therefore
one or more of R5, R, or R, , may be a guamidinopropyloxy

group.
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through a variety of other tethers or linkages. For example,

’H; O /\/\ NH2

the cationic functional groups may be bonded to the steroid
backbone by an ester linkage. For example, one or more of
R;, R-, or R, may be an aminoalkylcarboxy or guanidino-
alkylcarboxy, such as H,N-alkyl-C(—0O)—0O— or H,N—
C(=NH)—NH-alkyl-C(=0)—0

tion 1s defined as with the embodiments described above. In

, wherein the alkyl por-

other embodiments, the cationic functional groups may be
bonded to the steroid backbone by an amide linkage. For
example, one or more of R;, R, or R,, may be an amino-
alkylcarbonylamino (i.e. aminoalkylcarboxamido) or guani-
dinoalkylcarbonylamino (i.e. guanidinoalkyl-carboxamido),
such as H,N-alkyl-C(—0O)—NH— or H,N—C(=NH)—
NH-alkyl-C(—O)—NH—, wherein the alkyl portion 1s

defined as with the embodiments described above.

Additionally, one of skill in the art will recognize that the
tethers may be of varying lengths. For example, the length
between the steroid backbone and the cationic functional
group (e.g., amino or guanidino group), may be between 1
and 15 atoms or even more than 15 atoms. In other embodi-
ments, the length may be between 1 and 8 atoms. In a
preferred embodiment, the length of the tether 1s between

two and four atoms. In other embodiments, there 1s no tether,

such that the cationic functional group 1s bonded directly to
the steroid backbone.

One of skill in the art will also note that the various
cationic functional groups of the present disclosure may be

utilized 1n combination, such that one or more of R, R, or

R,, may include one variation of cationic functional group
while one or more of another of R;, R, or R, of the same
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compound may include a different variation of cationic
functional group. Alternatively, two or more of R;, R, or
R, may include the same cationic functional group, or all of
R;, R-, and R,, may include the same cationic functional
group (1in embodiments where all of R;, R, and R, are
cationic functional groups).

Additionally, although 1n a preferred embodiment one or
more cationic functional groups are disposed at R;, R, or
R,,, one of skill in the art will recognize that in other
embodiments, one or more of R;, R, or R, may not be
cationic functional groups and/or one or more cationic
functional groups may be disposed at other locations of the
steroid backbone. For example, one or more cationic func-
tional groups may be disposed at R, R,, R;, R, R, R, R,
Ri5, Rys, Ryg, Ry7, and/or Ry 5.

CSA Prodrug Compositions

The prodrugs of the present application include a CSA
compound or a pharmaceutically acceptable salt, or a ste-
reoisomer, or a solvate or a polymorph thereof (A) and one
or more cleavable groups (B) directly bound to the CSA
compound according to formula I:

A-Bn (1)

wherein (A) 1s any of the CSA compounds described above,
n 1s an integer selected from the group consisting of 1, 2, 3
and 4, and the one or more cleavable groups (B) include
groups (e.g., amino protecting groups) that cleave from the
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CSA compound under physiological conditions and/or dur-
ing the preparation of a pharmaceutical formulation.

In some embodiments, CSA compounds of the present
disclosure may be prepared 1n an inactive or less than fully
active form according to the prodrug compound of Formula
I. For example, charged cationic functional groups may be
reversibly converted to an inactive form by attaching a
cleavable group. In particular embodiments, CSA com-
pounds are prepared in an inactive form such that when
administered to a subject (e.g., animal or human) 1 an
inactive form, the inactive compound i1s converted to an
active form through normal metabolic processes of the
subject or by physiological conditions within the subject.

In other embodiments, the CSA compositions exhibit an
inactive form capable of conversion to an active form belore
administration to a subject, such as when the CSA compo-
sitions are added to a pharmaceutical formulation. As used
herein, the term “CSA prodrug” describes such CSA com-
positions exhibiting an 1nactive form capable of conversion
to an active form upon administration to a subject (e.g.,
through normal metabolic processes and/or upon exposure
to physiological conditions) or during preparation of a
pharmaceutical formulation.

In certain embodiments, the CSA prodrug or pharmaceu-
tically acceptable salt, or stereoisomer, or solvate or poly-
morph according to Formula I, I1, III, or IV 1s selected from
the group consisting of:
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where R can be one or more cleavable groups, non-limiting

examples of which are selected from the group consisting of
CH,SO,~ or salt thereot, such as CH,SO, Na+.

In some embodiments, a CSA prodrug 1s prepared by
attaching an inactivating or cleavable group to the terminal
cationic functional group of the CSA compound. For
example, the cationic functional groups (e.g., amino or

guanidino groups) of a CSA may be reacted to attach
cleavable groups and produce compounds according to
Formula I. The cleavable groups are such that upon addition
of a CSA prodrug to a pharmaceutical formulation or upon
administration of the CSA prodrug to a subject and/or upon
exposure of the CSA prodrug to physiological conditions,
the cleavable groups begin to be removed and the cationic
functional groups are activated or more fully activated.

Non-limiting examples of cleavable groups that may be
directly bound to amino groups are 9-fluorenymethyl car-
bamate, t-butyl carbamate, benzyl carbamate, acetamide,
trifluoroacetamide,  phthalimide, methane  sulfonate
(—CH,S0O;7), benzylamine, methoxymethylether, triph-
enylmethylamine, benzyidencamine and p-toluensufona-
mide and the like.

Any compound that can be converted 1n vivo to provide
the bioactive agent (1.e., the CSA compound of formula II)
1s a prodrug within the scope and spirit of the invention.
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, and

In some embodiments, one or more of R,, R, or R,
include a cleavable group that 1s hydrolysable upon expo-
sure to physiological conditions and/or upon exposure to a
hydrolyzing agent during preparation of a pharmaceutical
formulation. In a particular embodiment, the cleavable

group 1s a sulfo group such as a sulfoalkyl group or other
sulfonate containing group. For example, an inactivating
group may be a sulfomethyl group.

In some embodiments, one or more of R' (R,), R* (R.,) or
R® (R,,) may include an amino terminal as the cationic
tunctional group (e.g., -alkyl-NH,), and the amino terminal
may be masked or inactivated by a sulfoalkyl cleavable
group (e.g., -alkyl-S(=0),—O0O or -alkyl-S(=0),—OH).
For example, the CSA compound including an amino group
atone or more of R" (R,), R* (R,) or R” (R,,) may be reacted
with an alkanol sulfonate, such as methanol sulfonate (1.e.
hydroxymethanesulfonic acid or alkali metal hydroxymeth-
anesulifonate), 1n a dehydration reaction, upon which the one
or more of R' (R,), R* (R,) or R® (R,,) becomes -alkyl-
NH-methyl-S(=0),—0O", or salt thereof such as alkyl-NH-
methyl-S(=—0),—0O~ Na™, or -alkyl-NH-methyl-S(=—0),—
OH. The cationic functional group 1s thereby 1nactivated by
the sulfomethyl cleavable group, as shown in Scheme 1
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able group and activating the amino cationic functional

Scheme | group, as shown in Scheme 3.
NH, + 5
Scheme 3
I
O
N
HO S—— 0 —_— H H-O
H NH/\S—O' e
O 10 |
O O
/%/\NH/\%—O' + H>O
O
15
The sodium salt of methanol sulfonate can also be
expressed as formaldehyde-sodium bisulfite adduct and can
be used to form a prodrug according to Scheme 2. -
I
Scheme 2 NIL, + HO/\S‘— 0O
25 O
formaldehyde-NaHs03 (4 6‘1)__ In some embodiments, the prodrug is the mono-, di-, tri-
0/ heat or tetra-methane sulfonate form of CSA-13:
30
35
40
wherein R 1s selected from the group consisting of CH,SO;™
or salt thereof, such as CH,SO; Na+.
45
wherein R is selected from the group consisting of CH,SO,~ In some embodiments, the prodrug is the mono-, di-, tr1-
Na™. or tetra-methane sulfonate form of CSA-192:

When desired, the one or more of R, R?, or R’ can be wherein R 1s selected from the group consisting of CH,SO,~
or salt thereof, such as CH,SO; Na+.
65  In some embodiments, activation of the prodrug to a more

active form can occur through enzymatic action upon
tical formulation), thereby removing the sulfomethyl cleav- administration of the CSA prodrug to a subject and/or

hydrolyzed (e.g., when exposed to physiological conditions

upon administration or during preparation of a pharmaceu-
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exposure to physiological conditions. In other embodiments,
activation can occur through chemical (e.g., non-enzymatic)
activation, such as through changes in pH, temperature,
1onic conditions, and/or water content. The chemical acti-
vation can occur as a result of administration to a subject

and/or exposure to physiological conditions, or during the
preparation of a pharmaceutical formulation. In other
embodiments, activation can occur through a combination of
enzymatic activity and chemaical activity.

In some embodiments, one or more 1nactivating groups
may be attached to one or more functional cationic groups
to form an enzyme sensitive group subject to alteration
and/or removal upon exposure to an enzyme or class of
enzymes. For example, an nactivating group may form an
enzyme sensitive group sensitive to ligase, 1somerase, lyase,
transierase, hydrolase, and/or oxidoreductase classes of
enzymes. In particular embodiments, an enzyme sensitive
group may be sensitive to esterase, phosphatase, protease,
amylase, lactase, lipase, azo-reductase, and/or nitroreduc-
tase enzymes. For example, an inactivating group may
include an ester group sensitive to esterase enzymes, or an
azo group sensitive to azo altering enzymes such as azo-
reductase, or a nitro group sensitive to nitro altering
enzymes such as nitro-reductase.

In some embodiments, the conversion of a CSA prodrug
from 1nactive form to active form may have a rate dependent
at least upon the structures of the CSA compounds and
inactivating groups, the mode of administration, the specific
physiological conditions within the subject and/or the
chemical conditions within a prepared pharmaceutical for-
mulation, and the mode of conversion from 1nactive to active
form (e.g., enzymatic or chemical or both). For example, the
conversion half-life of a CSA prodrug from 1inactive to
active form may range from 1 minute or less to several days,
several weeks, or even several months. For example, the
conversion hali-life may range from 1 to 60 minutes, from
1 to 24 hours, from 1 to 7 days, or from 1 to 4 weeks or
longer. In other embodiments, the conversion halif-life may
be substantially immediate. For example, a pharmaceutical
formulation may be prepared just prior to administration to
a subject, and the conversion from inactive to active form
may be complete or substantially complete upon adminis-
tration to the subject.

Pharmaceutical Formulations

As discussed above, embodiments of CSA prodrug com-
positions may be formulated to exhibit an inactive or less
active form until admimstration to a subject, upon which the
prodrug compositions begin to convert to a more active
form. In other embodiments, a CSA prodrug may exhibit an
inactive form until i1t 1s mcorporated into a pharmaceutical
formulation, such as a carrier or excipient, useful for admin-
istration to a subject. For example, a CSA prodrug may
begin to convert to a fully active form upon addition of the
CSA prodrug to the pharmaceutical formulation during
preparation of the pharmaceutical formulation.

Pharmaceutical formulations may include solvents (aque-
ous or non-aqueous), solutions (aqueous or non-aqueous),
emulsions (e.g., oil-in-water or water-in-o1l), suspensions,
syrups, elixirs, dispersion and suspension media, coatings,
1sotonic and absorption promoting or delaying agents, com-
patible with pharmaceutical administration or in vivo con-
tact or delivery. Aqueous and non-aqueous solvents, solu-
tions, and suspensions may also include suspending agents
and thickening agents. Such carriers include tablets (coated
or uncoated), capsules (hard or soit), microbeads, powder,
granules and crystals. Supplementary active compounds
(e.g., preservatives, antibacterial, antiviral and antifungal
agents) can also be imcorporated into the formulations.

In a particular example, a CSA prodrug may exhibit an
iactive or less active form until it 1s added to a pharma-
ceutical formulation for use 1n an 1intravenous administration
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system. In this example, the CSA prodrug compound begins
to convert to an active form upon preparation of the intra-
venous formulation. The pharmaceutical formulation may,
for example, be located 1n an intravenous administration bag
or other container, and the CSA prodrug may be added to the
other ingredients of the intravenous formulation (e.g., saline
solution) already 1n the intravenous bag/container, where-
upon the CSA prodrug begins to convert from an 1nactive or
less active form to a fully active form.

Exemplary compositions for oral administration include
suspensions which can contain, for example, microcrystal-
line cellulose for imparting bulk, alginic acid or sodium
alginate as a suspending agent, methylcellulose as a viscos-
ity enhancer, and sweeteners or tlavoring agents such as
those known 1n the art; and immediate release tablets which
can contain, for example, microcrystalline cellulose, dical-
cium phosphate, starch, magnesium stearate and/or lactose
and/or other excipients, binders, extenders, disintegrants,
diluents and lubricants such as those known 1n the art. The
prodrugs of formula I can also be delivered through the oral
cavity by sublingual and/or buccal administration. Molded
tablets, compressed tablets or freeze-dried tablets are exem-
plary forms which may be used. Exemplary compositions
include those formulating the present compound(s) with fast
dissolving diluents such as mannitol, lactose, sucrose and/or
cyclodextrins. Also 1ncluded 1n such formulations may be
high molecular weight excipients such as celluloses (avicel)
or polyethylene glycols (PEG). Such formulations can also
include an excipient to aid mucosal adhesion such as
hydroxy propyl cellulose (HPC), hydroxy propyl methyl
cellulose (HPMC), sodium carboxy methyl cellulose
(SCMC), maleic anhydride copolymer (e.g., Gantrez), and
agents to control release such as polyacrylic copolymer (e.g.
Carbopol 934). Lubricants, glidants, tlavors, coloring agents
and stabilizers may also be added for ease of fabrication and
use.

Usetul pharmaceutical dosage-forms for administration of
the prodrugs of this invention can be illustrated as follows:
Capsules

A large number of unit capsules can be prepared by filling
standard two-piece hard gelatin capsules each with 100 mg
of powdered active ingredient, 150 mg of lactose, 50 mg of
cellulose, and 6 mg magnestum stearic.

Soit Gelatin Capsules

A mixture of active ingredient 1n a digestible o1l such as
soybean o1l, cottonseed o1l or olive o1l can be prepared and
injected by means of a positive displacement pump into
gelatin to form soft gelatin capsules containing 100 mg of

the active ingredient. The capsules should then be washed
and dried.

Tablets

A large number of tablets can be prepared by conventional
procedures so that the dosage unit 1s 100 mg of active
ingredient, 0.2 mg of colloidal silicon dioxide, 5 milligrams
of magnesium stearate, 275 mg ol microcrystalline cellu-
lose, 11 mg of starch and 98.8 mg of lactose. Appropriate
coatings may be applied to increase palatability or delay
absorption.
Suspension

An aqueous suspension can be prepared for oral admin-
istration so that each 5 mL contain 25 mg of finely divided
active 1ngredient, 200 mg of sodium carboxymethyl cellu-
lose, 5 mg of sodium benzoate, 1.0 g of sorbitol solution,
U.S.P., and 0.025 mg of vanillin.

Exemplary compositions for administration of the prod-
rugs of formula I are liposomal delivery compositions.
Liposomes are an artificially-prepared spherical vesicle
composed ol a lamellar phase lipid bilayer. The liposome
can be used as a vehicle for administration of nutrients and
pharmaceutical drugs. Liposomes can be prepared by dis-
rupting biological membranes (such as by sonication). Lipo-
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somes are often composed of phosphatidylcholine-enriched
phospholipids and may also contain mixed lipid chains with
surfactant properties such as egg phosphatidylethanolamine.
A liposome design may employ surface ligands such as, for
example albumin for attaching to unhealthy tissue. The
major types ol liposomes are the multilamellar vesicle
(M_JV) the small umlamellar liposome vesicle (SUV), the
large unilamellar vesicle (LUV), and the cochleate vesicle.

Exemplary compositions for nasal or pulmonary aerosol
or inhalation administration include solutions in saline
which can contain, for example, benzyl alcohol or other
suitable preservatives, absorption promoters to enhance bio-
availability, and/or other solubilizing or dispersing agents
such as those known 1n the art.

Exemplary compositions for parenteral administration
include 1njectable solutions or suspensions which can con-
tain, for example, suitable non-toxic, parenterally acceptable
diluents or solvents, such as mannitol, 1,3-butanediol, water,

Ringer’s solution, an 1sotonic sodium chloride solution, or
other suitable dispersing or wetting and suspending agents,
including synthetic mono- or diglycerides, and fatty acids,
including oleic acid, or Cremaphor.

Injectables

A parenteral composition suitable for administration by
injection can be prepared by stirrng 1.5% by weight of
active mgredient 1n 10% by volume propylene glycol and
water. The solution 1s sterilized by commonly used tech-
niques.

Exemplary compositions for rectal administration include
suppositories which can contain, for example, a suitable
non-irritating excipient, such as cocoa butter, synthetic glyc-
eride esters or polyethylene glycols, which are solid at
ordinary temperatures, but liquity and/or dissolve in the
rectal cavity to release the drug.

Exemplary compositions for topical administration
include a topical carrier such as Plastibase (mineral oil
gelled with polyethylene).

The antimicrobial prodrugs of this mmvention can be
administered as treatment for the control or prevention of
bacterial or fungal infections by any means that produces
contact of the active agent with the agent’s site of action 1n
the body of a mammal. It can be administered by any
conventional means available for use 1n conjunction with
pharmaceuticals, either as an individual therapeutic agent or
in a combination of therapeutic agents. It can be adminis-
tered alone, but preferably 1s administered with a pharma-
ceutical carrier selected on the basis of the chosen route of
administration and standard pharmaceutical practice.

The dosage administered will, of course, vary depending
upon known factors, such as the pharmacodynamic charac-
teristics of the particular agent and 1ts mode and route of
administration; the age, health and weight of the recipient;
the nature and extent of the symptoms; the kind of concur-
rent treatment; the frequency of treatment; and the eflect
desired. By way of general guidance, a daily dosage of
active ingredient can be expected to be about 0.001 to about
1000 milligrams per kilogram (img/kg) of body weight, with
the preferred dose being about 0.01 to about 100 mg/kg;
with the more preferred dose being about 0.01 to about 30
mg/kg. Advantageously, compounds of the present invention
may be adminmistered in a single daily dose, or the total daily
dosage may be administered 1n divided doses of two, three,
or four times daily.

Dosage forms of compositions suitable for administration
contain from about 0.5 mg to about 100 mg of active
ingredient per unit. In these pharmaceutical compositions
the active ingredient will ordinarily be present 1n an amount
of about 0.5% to about 93% by weight based on the total
weight of the composition. The active ingredient can be
administered orally 1 solid dosage forms, such as capsules,
tablets and powders, or 1n liquid dosage forms, such as
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clixirs, syrups and suspensions. It can also be administered
parenterally, 1 sterile liquid dosage forms.
Combinations

In another embodiment, the present invention provides
methods of treating a patient comprising administering to a
patient 1n need of treatment a therapeutically effective
amount ol a prodrug or a pharmaceutically acceptable salt,
or a stereoisomer, or a solvate or a polymorph thereof
according to formula I and an anti-microbial agent. In
embodiments, the prodrug and the anti-microbial agent may
be administered simultaneously or sequentially. In embodi-
ments, the prodrug and the anti-microbial agent may be
administered 1n a single composition.

In a further embodiment, the present invention provides a
pharmaceutical combination comprising a prodrug or a
pharmaceutically acceptable salt, or a stereoisomer, or a
solvate or a polymorph thereof of formula I and an anti-
microbial agent. In embodiments, the anti-microbial agent
may be selected from the group consisting of: amikacin,
bacitracin, colistin, gentamicin kanamycin, metronidazole,
muplrocm neomycin, netilmicin, polymyxin B, streptomy-
cin, tobramycin, phenols and cresols such as 2 4-dichloro-
sym-metaxylenol, parachlorometaxylenol, and parachloro-
metacresol, bisphenols such as  hexachlorophene,
dichlorophene, bithionol, triclosan, and fentichlor, salicy-
lanilides such as 4',5-dibromsalicylanilide, 3',4',3-trichloro-
salicylanilide, 3'.4',5-tribromosalicylanilide, and 3,5,d1-
bromo-3'-trifluoromethyl-salicylanilide, carbanilides such
as trichlorocarbanilde and 3-trifluoromethyl-4-4'-dichloro-
carbanilide, quaternary ammonium compounds such as
alkyl-dimethyl benzyl ammonium chloride, alkyl-trimethyl
ammonium chlornide, alkyl trimethyl ammonium bromide,
cetyl-trimethyl ammonium bromide, B-phenoxyethyl-dim-
cthyl-dodecyl ammonium bromide, p-tert-octylphenoxy-
cthoxyethyl-dimethyl-benzyl ammonium chloride, tetrade-
cyl-pyridimmum bromide, cetyl pyridinium bromide, cetyl
pyridintum chloride, di-(n-octyl)-dimethyl ammonium bro-
mide, alkyl-isoquinolintum bromide, 1-(3-chloroallyl)-3-5-
7-triaza-1-azoniaadamantane chloride, and chlorhexidine
(1,6,di(N-p-chlorophenylguanidino )hexane), 2-bromo-2-ni-
tropropan-1,3-diol, imidazonidyl urea, ethanol, 1sopropyl
alcohol, natural oils, aqueous and organic extracts of natural
or synthetic substances, tea tree oi1l, and mixtures thereof.

The present invention includes within 1ts scope pharma-
ceutical composmons comprising, as an active ingredient, a
therapeutically eflective amount of at least one of the
prodrugs ol formula I, alone or in combination with a
pharmaceutical carrier or diluent. Optionally, the prodrugs
of the present invention can be used 1n combination with
other suitable therapeutic agents useful in the treatment of
the aforementioned disorders including: agents used to treat
respiratory conditions, anti-inflammatory agents; antibiot-
ics; antifungals and analgesics.

The prodrugs described in the present invention could be
used 1 combination with suitable anti-inflammatory agents.
Examples of suitable anti-inflammatory agents for use 1n
combination with the compounds of the present mvention
include prednisone, dexamethasone, cyclooxygenase inhibi-
tors (1.e., COX-1 and/or COX-2 inhibitors such as NSAIDs,
aspirin, indomethacin, ibuprofen, piroxicam, Naproxen®,
Celebrex®, Vioxx®, Arcoxia®, and Bextra®), CTLA4-Ig
agonists/antagonists, CD40 ligand antagonists, IMPDH
inhibitors, such as mycophenolate (CellCept®), ntegrin
antagonists, o-4 {3-7 integrin antagonists, cell adhesion
inhibitors, iterferon gamma antagonists, ICAM-1 1mhibitor,
tumor necrosis factor (INF) antagomists (e.g., infliximab,
OR1384, including TNF-c. inhibitors, such as tenidap, anti-
TNF antibodies or soluble TNF receptor such as etanercept
(Enbrel®), Remicade®, rapamycin (sirolimus or Rapa-
mune) and leflunomide (Arava)), prostaglandin synthesis
inhibitors, budesonide, clofazimine, CNI-1493, CD4
antagonists (e.g., priliximab), p38 mitogen-activated protein
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kinase inhibitors, protein tyrosine kinase (PTK) inhibitors,
IKK 1inhibitors, and therapies for the treatment of irritable
bowel syndrome (e.g., Zelnorm® and Maxi-K® openers

such as those disclosed 1n U.S. Pat. No. 6,184,231 B1).

Such other therapeutic agent(s) may be administered prior
to, stmultaneously with, or following the administration of
the prodrugs 1n accordance with the invention.

The above other therapeutic agents, when employed in
combination with the compounds of the present imnvention,
may be used, for example, in those amounts indicated in the
Physicians” Desk Reference (PDR) or as otherwise deter-
mined by one of ordinary skill in the art.

Admuinistration

As discussed above, embodiments of CSA prodrug com-
positions may be formulated to exhibit an inactive or less
active form until administration to a subject, upon which the

prodrug compositions begin to convert to a more active
form.

A “subject” refers to a human or an animal, such as but not
limited to non-human primates (e.g., apes, gibbons, gorillas,
chimpanzees, orangutans, macaques), domestic animals
(c.g., dogs and cats), farm animals (e.g., pi1gs, chickens,
turkeys, ducks, geese, horses, cows, goats, sheep, bison,
buflalos), experimental animals (e.g., mice, rats, rabbits,
guinea pigs), wild animals (e.g., pigeons, hawks, cagles,
lions, tigers, bears, elephants), birds, reptiles, amphibians,
and humans. Subjects include animal models, for example,
a mouse model of an infection. Subjects include naturally
occurring or non-naturally occurring mutated or non-human
genetically engineered (e.g., transgenic or knockout) ani-
mals. Subjects further include animals having or at risk of
having an infection. Subjects can be any age. For example,
a subject (e.g., human) can be a newborn, infant, toddler,
chuld, teenager, or adult, e.g., 50 years or older. The term
“subject” may also refer to a sample, such as a tissue sample,
biopsy, or other form of biological material used in testing,
diagnosis, and/or research.

“Administration” refers to any method of delivery of the
CSA prodrug and/or pharmaceutical formulation thereof to
a subject. The prodrugs of the present immvention can be
administered 1n an effective amount within the dosage range
of about 0.2 to 1000 mg, preferably from about 1 to 100 mg
in a regimen of single, two or four divided daily doses.

Exemplary routes of administration include, for example:
orally, such as in the form of tablets, capsules, granules or
powders; sublingually; bucally; parenterally, such as by
subcutaneous, intravenous, intramuscular, or intracisternal
injection or inifusion techniques (e.g., as sterile injectable
aqueous or non-aqueous solutions or suspensions); nasally,
including administration to the nasal membranes, such as by
inhalation spray; topically, such as in the form of a cream or
omtment; inhalation, such as by nasal or pulmonary i1nha-
lation, such as in the form of a spray or aerosol; or rectally
such as 1n the form of suppositories; in dosage unit formu-
lations containing non-toxic, pharmaceutically acceptable
vehicles or diluents. The present compounds can, for
example, be administered 1n a form suitable for immediate
release or extended release. Immediate release or extended
release can be achieved by the use of suitable pharmaceu-
tical compositions comprising the present compounds, or,
particularly 1n the case of extended release, by the use of
devices such as subcutaneous implants or osmotic pumps.
The present compounds can also be administered liposo-
mally.

Admimstration may be to any biological tluid or tissue,
mucosal cell or tissue (e.g., mouth, buccal cavity, labia,
nasopharynx, esophagus, trachea, lung, stomach, small
intestine, vagina, rectum, or colon), neural cell or tissue
(e.g., ganglia, motor or sensory neurons) or epithelial cell or
tissue (e.g., nose, fingers, ears, cornea, conjunctiva, skin or
dermis).
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Utilities & Uses

The present invention provides methods of treating a
patient suflering from a disease or disorder selected from the
group consisting of: fungal infections, bacterial infections,
multiple myelomas and cystic fibrosis, comprising admin-
istering to the patient a therapeutically effective amount of
a prodrug or a pharmaceutically acceptable salt, or a ste-
reoisomer, or a solvate or a polymorph thereof according to
formula I.

The prodrugs of the present invention are antimicrobial
agents useful for the treatment or prevention of a bacterial or
fungal infection or both bacterial and fungal infections 1n a
subject or an organism. In this context, the fungal infection
can be caused by yeast or a non-yeast fungus. The fungal
infection may, for example, be caused by fungi of the species

Candida albicans, Candida tropicalis, Candida (Clas-
vispora) lusitaniae, Candida (Pichia) guillermondii, Lod-
devomyces elongisporus, Debaryvomyces hansenii, Pichia

stipitis (see also Rossignol T. et al, Nucleic Acids Research,
2008, 36:D557-D561), Asperigillus fumigatus, Blastomyces

dermatitidis, Cladophialophora bantiana, Coccidioides
immitis, Cryptococcus neoformans, Fusarium spp.,
Microsporum spp., Penicillium marneffei or ITrichophyvton
Spp.

The bactenal infection may be caused by a Gram negative
or a Gram positive bacterium. The bacterial infection may,
for example, be caused by bacteria of the genus Acineto-
bacter, Actinomyces, Aeromonas, Bordetella, Borrelia, Bru-
cella, Burkholderia, Campylobacter, Chlamydia,
Clostridium, Corynebacterium, FEnterococcus, FErwinia,
Escherichia, Francisella, Haemophilus, Helicobacter, Kleb-
siella, Legionella, Leptospira, Listeria, Mycobacterium,
Mycoplasma, Neisseria, Pseudomonas, Rickettsia, Salmo-
nella, Shigella, Staphviococcus, Streptococccus,
Treponema, Veillonella, Vibrio or Yersinia. In one particular
embodiment, the infection 1s caused by Staphyviococcus
aureus, Mycobacterium smegmatis, Pseudomonas aerugi-
nosa, Burkholderia cepacia, Klebsiella pneumonia, Aevo-

monas hydrophila, Erwinia carotovora, Erwinia chrysan-
themi, or I'scherichia coli.

Further, the prodrugs of the mvention are useful for the
treatment of mammalian in particular human diseases
caused by bacteria through interference of bacterial physi-
ology. Such diseases include endocarditis, respiratory and
pulmonary infections (preferably in immunocompromized
and cystic fibrosis patients), bacteremia, central nervous
system 1nfections, ear infections including external ofitis,
eye infections, bone and joint infections, urinary tract infec-
tions, gastroimntestinal infections and skin and soit tissue
infections including wound infections, pyoderma and der-
matitis which all can be triggered by Pseudomonas aerugi-
nosa, for example. Furthermore, the compounds can, for
example, also be used for the treatment of pulmonary
infections caused by Burkholderia cepacia (preferably 1n
immunocompromized and cystic {ibrosis patients), gastro-
enteritis and wound 1nfections caused by Aeromonas Ilcy-
drophila, sepsis 1n tropical and subtropical areas caused by
Chrofnobacterium violaceum, diarrhoea with blood and hae-
molytic uremic syndrome (HUS) caused by Escherichia
coli, yersiniosis triggered by Yersinia enterocolitica and Y.
pseudotuberculosis, and transfusion-related sepsis and {is-
tulous pyoderma caused by Serratia liquefaciens, to name
only a few.

Synthesis

The prodrugs of the present mnvention can be prepared 1n
a number of ways well known to one skilled 1n the art of
organic synthesis. The prodrugs of the present invention can
be synthesized using the methods described below, together
with synthetic methods known 1n the art of synthetic organic
chemistry, or variations thereon as appreciated by those
skilled in the art. Preferred methods include, but are not
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limited to, those described below. All references cited herein
are hereby 1ncorporated 1n their entirety by reference.

The novel prodrugs of Formula I may be prepared using,
the reactions and techniques described 1n this section. The
reactions are performed in solvents appropriate to the
reagents and materials employed and are suitable for the
transformations being eflected. Also, 1n the description of
the synthetic methods described below, it 1s to be understood
that all proposed reaction conditions, including solvent,
reaction atmosphere, reaction temperature, duration of the
experiment and workup procedures, are chosen to be the
conditions standard for that reaction, which should be read-
1ly recognized by one skilled in the art. One skilled 1n the art
of organic synthesis understands that the functionality pres-
ent on various portions of the edict molecule must be
compatible with the reagents and reactions proposed. Not all
prodrugs of Formula I falling into a given class may be
compatible with some of the reaction conditions required 1n
some ol the methods described. Such restrictions to the
substituents, which are compatible with the reaction condi-
tions, will be readily apparent to one skilled in the art and
alternate methods must be used.

The prodrugs of formula I may be prepared by the
procedure depicted in Scheme 2, that depicts reacting the
CSA compounds of formula IV having one or more amine
functional groups with a methane sulfonate amine protecting
group. 1o prepare such a methane sulfonate protected pro-
drug of formula I a CSA compound of formula IV having
one or more amine functional groups 1s combined with a
tformaldehyde-sodium bisulfite adduct in an aqueous solu-
tion. The resulting mixture 1s heated to reflux and main-
tained at that temperature for a suthcient time to complete
the reaction such as, for example, 48 h. The solution may
then be frozen at a suflicient temperature such as, for
example, —70° C. and the water may be removed via any
conventional method known to one of skill in the art such as,
for example, lyophilization to yield the desired methane
sulfonate protected prodrug.

Scheme 2

formaldehyde-NaHS0O; (4 eq)
H>0O/heat
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-continued

wherein R 1s selected from the group consisting of CH,SO;™
or salt thereof, such as CH,SO, Na™.

Although only a few example embodiments have been

described 1n detail above, those skilled 1n the art will readily
appreciate that many modifications are possible in the
example embodiments without materially departing from
this disclosure. Accordingly, all such modifications are

intended to be included within the scope of this disclosure.

EXAMPLES

Compounds described herein can be prepared by known
methods, such as those disclosed 1n U.S. Pat. No. 6,350,738
and other references discussed in this application, which are

incorporated herein by reference. A skilled artisan will
readily understand that minor variations of starting materials
and reagents may be utilized to prepare known and novel
cationic steroidal antimicrobials. For example, the prepara-
tion of CSA-13 disclosed 1 U.S. Pat. No. 6,350,738 (com-
pound 133) can be used to prepare CSA-92 by using
hexadecylamine rather than octyl amine as disclosed.

Example 1

Preparation of mono-, di-, tr1 and tetra-methane sulfonate
prodrugs ol CSA compound CSA-13 can be made according
to Scheme 4:

Y

formaldehyde-NaHSO3 (4 eq)
H>O/heat
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CSA compound CSA-13 was prepared by the processes
and methods described 1n U.S. Pat. No. 6,350,738. CSA-13
(220 mg, 0.325 mmol) and formaldehyde-sodium bisulfite
adduct (174.5 mg, 1.30 mmol) were added to water (6 mL).
The reaction mixture was heated and maintained at retlux for
48 h. After cooling the reaction mixture was frozen at —70°
C. and the water was removed via lyophilization to yield a
light yellow solid. Structure was confirmed by mass spec-
trometry.

TABL.

CSA
Ex. No. Structure

20
Examples 2-17
It 1s anticipated that methane sulfonate prodrugs of CSA
5 compounds CSA-8, 44,90, 92, 131, 134, 136, 137, 138, 142,

144, 145, 146, 190, 191, and 192 as depicted in Table 1, may
similarly be prepared according to the procedure described

in Example 1 but by substituting these CSA compounds for
CSA-13.

(L]

1
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CSA
Ex. No. Structure

10 138




Ex.

11

12

13

14

15

CSA
No.

142

144

145

146

190

Structure
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TABLE 1-continued

CSA
Ex. No. Structure
16 191
H>N /\/\Ou\
17 192

W
N NN o

Example 18
Kinetic Data (CSA-13 MS)

Kinetic minimum inhibitory concentrations (MIC) of the
cationic steroidal antimicrobial prodrug of CSA-13 (CSA-
13 MS) at various concentrations and controls are listed as

the number of colony forming units per milliliter versus time
below 1n Table 2. FIG. 1 1s a graph showing Kinetic MIC’s
for CSA-13 MS.

30

35

TABLE 2
ug/ml, 05h 1.0h 15h 20h 3.0h 40h 60h 80h 12.0h
4 500 1.00 1.50 2.00 3.00 400 600 800 1.60
] 1.95 3.81 1.19 1.23 921 9.04 336 819 4.64
16 1.26 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
32 4.64 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.71
C1 450 428 683 6.82 249 140 818 2.64  7.31
C2 333 3.1 544 433 133 408 217 420 597

Example 19
Pharmacological Analysis

The pharmacological analysis of the methane sulfonate
prodrug of CSA-13 (CSA-13 MS) versus the free base
CSA-13 compound was assessed for their antimicrobial

properties against the ATCC 25923 strain of staphvlococcus
aureus (hereinafter “staph A”). The methane sulfonate pro-
drug exhibited a minimum inhibitory concentration (here-
mafter “MIC”) of 0.4 ug/ml; whereas the {free amino com-

pound exhibited a MIC of 1.6 ug/ml.

Example 20
Toxicity Analysis

Methane-sulfonate prodruge of CSA-13 (CSA-13 MS)
toxicity study in rats. No treatment related changes were
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observed and there are no clinical signs, body weight and

ogross pathology for the amimals which are treated with
CSA-13-MS at 30 mg/kg (SC and 1V).

Example 21
Toxicity Study (CSA-192 MS)

The objective of this study was to determine the Maxi-
mum Tolerated Dose (MTD) of CSA-192 MS {ollowing

24.0 h

2.40
1.00
1.00
1.00
2.19
2.74

intravenous (1.v.) administration at various dose levels 1n
C57BL/6 female mice. FIG. 2 1s a graph showing CSA-192
MS Kinetics.

Immunocompetent C57BL/6 female mice weighing 16 to
20 g were obtained from the University of Sevilla’s facility.
The number of animals that were selected for use 1n this
study was considered to be the minimum requirement to
meet rational scientific endpoints.

Throughout the study period, the experimental animals
were housed in the animal facility of the Biomedicine
Institute of Seville (IB1S). The animals were housed 6 mice
per cage in sterilized suspended polycarbonate cages (cage
s1ze: approximately L 400 mmxB 220 mmxH 175 mm), with
stainless steel top grills having facilities for holding pellet
food and drinking water 1n bottle with stainless steel sipper
tube. All mice had free access to water and standard pelleted
laboratory animal diet ad libitum.

Throughout the acclimatization and treatment period the

temperature and humidity were 1n the range of 20.0° C. to
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24.0° C. and =55% RH, respectively. Duration of 1llumina-
tion 1n the testing unit was controlled to give 12 hours light

(08.00 to 20.00) and 12 hours dark cycle during the 24-hour

period. Animal rooms were ventilated at the rate of 15-25 air
changes per hour.

One the first day of the study, mice were subjected to
randomization and allocated to different groups, so that each
group ((G) contains 6 females. Each cage housed 6 mice.

Each cage was i1dentified by a cage card, with details like
study i1tem, species, strain, sex, number of animals, date,
dose, and 1nvestigator name.

The study was conducted at four different dose levels. On
day 1 of treatment all the amimals 1n G1, G2, G3, and G4
groups were administered with CSA-192 MS at 4, 8, 16, and
32 mg/kg based on their body weight. Dose volumes were
maintained at 0.2 mL for G1, G2, and G3. The dose volume
tor G4 was 0.32 mlL.

More particularly, the test item was administered by
intravenous route, at dose concentration of 4 mg/kg body
weilght for G1, 8 mg/kg body weight for G2, 16 mg/kg body
weight for G3, and 32 mg/kg body weight G4 groups,
respectively. Dose volumes were maintained at 0.2 mL for
G1, G2, and G3. For group G4 the dose volume was 0.32
ml. The details of experimental groups and doses are
presented 1n Table 3.

TABLE 3
Dose Dose Volume No of
Group (mg/Kg b.w) (mL) Mice Sex
(1 4 0.2 6 Female
G2 8 0.2 6 Female
3 16 0.2 6 Female
G4 32 0.32 6 Female

All the animals were observed for 7 days post dosing to
study their general condition/reaction to the dose adminis-
tration and mortality. The first day they were checked
immediately after dose admimistration, at 30 min, 1 hour, and
every 4 hours, the following days twice a day. Mice were
sacrificed on day 7 of the study period.

There were no incidences of mortality and abnormal
climical signs 1n mice treated intravenously with CSA-192
MS at doses of 4.0 mg/kg body weight (G1), 8.0 mg/kg body
weight (G2), and 32.0 mg/kg body weight (G4). At a dose
of 16.0 mg/kg body weight (G3) one animal showed signs
of somnolence (sleepiness) immediately after administra-
tion, but this reaction disappeared after an hour post dose
administration; however, the rest of mice in G3 did not
present signs.

The number of climical observations per
number of animals per group 1s set forth in Table 4.

TABLE 4

Clinical observations/No of animals per sroup

Gl G2 G3 G4
Day 4 mg/Kg 8 mg/kg 16 mg/kg 32 mg/kg
1 0/6 0/6 1/6 0/6
2 0/6 0/6 0/6 0/6
3 0/6 0/6 0/6 0/6
4 0/6 0/6 0/6 0/6
5 0/6 0/6 0/6 0/6
6 0/6 0/6 0/6 0/6
7 0/6 0/6 0/6 0/6

No treatment related change 1n body weight was observed
in all groups treated with CSA-192 MS 1n survivor mice. In
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addition, no mortality was observed in animals administered
with test item 1n any of the groups, as indicated in Table 5.

TABLE 3
No of animals found dead/No. of animals per group

(G1 G2 G3 G4
Day 4 mg/Kg 8 mg/kg 16 mg/kg 32 mg'kg
1 0/6 0/6 0/6 0/6
2 0/6 0/6 0/6 0/6
3 0/6 0/6 0/6 0/6
4 0/6 0/6 0/6 0/6
5 0/6 0/6 0/6 0/6
6 0/6 0/6 0/6 0/6
7 0/6 0/6 0/6 0/6

Based on findings of the study, the MTD of CSA-192 MS
may be considered to be at least 32.0 mg/kg of body weight
in female C57BL/6 mice.

-

T'he subject of the present disclosure may be embodied 1n
other specific forms without departing from 1ts spirit or
essential characteristics. The described embodiments are to
be considered in all respects only as illustrative and not
restrictive. In fact, any combination of the features disclosed
in any of the foregoing embodiments can be combined.
Embodiments can imcorporate any combination of the dii-
ferent features described herein, such that components and
clements from one embodiment can be incorporated into or
replace elements from any of the other embodiments
described herein.

What 1s claimed 1s:

1. A prodrug according to formula I:

A-B, (I)

wherein

A 15 a cationic steroidal antimicrobial (CSA) compound,
or a pharmaceutically acceptable salt thereof, a stereoi-
somer thereof, or a solvate thereof, or a polymorph
thereof, the CSA compound having 1 to 4 cationic
functional groups, each with an amino terminal;

B 1s a cleavable group (C.G.) bonded to the amino
terminal of a corresponding cationic functional group;
and

n 1s an iteger selected from the group consisting of 1, 2,
3, and 4.

2. The prodrug of claim 1, wherein the CSA compound

has a structure according to at least one of Formulae III or
IV:

(I1T)

Rz Rg
Rj3
R“ Rl?
R, -
Rig D
R &
2
N ~ Risg
A R
B Rg 14R15
R3/ R
R
R4 Rg
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-continued

(IV)

where,
rings A, B, C, and D are independently saturated, or are

tully or partially unsaturated, provided that at least two
of nngs A, B, C, and D are saturated;

R, through R, Rg, Ry, Ry, Ryp, Rys, Ryg, Rz, Ry are

independently selected from the group consisting of
hydrogen, hydroxyl, a substituted or unsubstituted
alkyl, a substituted or unsubstituted hydroxyalkyl, a
substituted or unsubstituted alkyloxyalkyl, a substi-
tuted or unsubstituted alkylcarboxyalkyl, a substituted
or unsubstituted alkylaminoalkyl, a substituted or
unsubstituted alkylaminoalkylamino, a substituted or
unsubstituted alkylaminoalkylaminoalkylamino, a sub-
stituted or unsubstituted aminoalkyl or C.G.-amino-
alkyl, a substituted or unsubstituted aryl, a substituted
or unsubstituted arylaminoalkyl, a substituted or unsub-
stituted haloalkyl, a substituted or unsubstituted alk-
enyl, a substituted or unsubstituted alkynyl, oxo, a
linking group attached to a second steroid, a substituted
or unsubstituted aminoalkyloxy or C.G.-aminoalky-
loxy, a substituted or unsubstituted aminoalkyloxyalkyl
or C.G.-aminoalkyloxyalkyl, a substituted or unsubsti-
tuted aminoalkylcarboxy or C.G.-aminoalkylcarboxy, a
substituted or unsubstituted aminoalkylaminocarbonyl
or C.G.-aminoalkylaminocarbonyl, a substituted or
unsubstituted aminoalkylcarboxamido or C.G.-amino-
alkylcarboxamido, a substituted or unsubstituted
di(alkyl)aminoalkyl, H,N—HC(Q;)-C(O)—O—or
C.G.-HN—HC(Q)-C(O)—0O—, H,N—HC(Q;)-C
(O)—N(H)—or C.G.-HN—HC(Q;)-C(O)—N(H)—, a
substituted or unsubstituted azidoalkyloxy or C.G.-
azidoalkyloxy, a substituted or unsubstituted cyano-
alkyloxy or C.G.-cyanoalkyloxy, a substituted or
unsubstituted guanmidinoalkyloxy or C.G.-guanidino-
alkyloxy, a substituted or unsubstituted quaternary
ammonium alkylcarboxy or C.G.-quaternary ammo-
nium alkylcarboxy, and a substituted or unsubstituted
guanidinoalkyl carboxy or C.G.-guanidinoalkyl car-
boxy, where Q. 1s a side chain of any amino acid
(including a side chain of glycine, 1.e., H) and C.G. 1s
a cleavable group;

R, R, Ry, Ry, Rz, R4, and R, are independently

deleted when one of rings A, B, C, or D 1s unsaturated
so as to complete the valency of the carbon atom at that
site, or

R, Ry, Ry, Ry, Ry3, Ry, and R, are independently

selected from the group consisting of hydrogen,
hydroxyl, a substituted or unsubstituted alkyl, a sub-
stituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted alkyloxyalkyl, a substituted or unsubsti-
tuted aminoalkyl or C.G.-aminoalkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted
haloalkyl, a substituted or unsubstituted alkenyl, a
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substituted or unsubstituted alkynyl, oxo, a linking
group attached to a second steroid, a substituted or
unsubstituted aminoalkyloxy or C.G.-aminoalkyloxy, a
substituted or unsubstituted aminoalkylcarboxy or
C.G.-aminoalkylcarboxy, a substituted or unsubstituted
aminoalkylaminocarbonyl or C.G.-aminoalkylamin-
ocarbonyl, a substituted or unsubstituted di(alkyl)am-
inoalkyl, H,N—HC(Q)-C(O)—0O—or C.G.-HN—HC
(Q5)-C(O)—O0—  H,N—HC(Q5)-C(O)—N(H)—or
C.G.-HN—HC(Q:)-C(O)—N(H)—, azidoalkyloxy or
C.G.-azidoalkyloxy, cyanoalkyloxy or C.G.-cyano-
alkyloxy, guanidinoalkyloxy or C.G.-guanidinoalky-
loxy, and guanidinoalkylcarboxy or C.G.-guanidino-
alkylcarboxy, where Q. 1s a side chain of any amino
acid, and C.G. 1s a cleavable group;

provided that at least one of R,_,, R, R+, R;;, R{,, R;=.
R,s R,,, or R,; 1s independently selected from the
group consisting of a substituted or unsubstituted C.G.-
aminoalkyl, a substituted or unsubstituted C.G.-amino-
alkyloxy, a substituted or unsubstituted C.G.-amino-
alkylcarboxy, a substituted or unsubstituted C.G.-
aminoalkyloxyaminoalkylaminocarbonyl, a substituted
or unsubstituted C.G.-aminoalkylaminocarbonyl, a
substituted or unsubstituted C.G.-aminoalkylcar-
boxyamido, an C.G.-quaternary ammonium alkylcar-
boxy, C.G.-HN—HC(Q:)-C(O)—0O—, C.G.-HN—HC
(Q:)-C(O)—N(H)—,  C.G.-azidoalkyloxy, C.G.-
cyanoalkyloxy, a substituted or unsubstituted C.G.-
guanidinoalkyloxy, and a substituted or unsubstituted
C.G.-guanidinoalkylcarboxy.

3. The prodrug of claim 2, wherein at least one of R;, R,
or R, , 1s independently selected from the group consisting of
a substituted or unsubstituted C.G.-aminoalkyl, a substituted
or unsubstituted C.G.-aminoalkyloxy, a substituted or
unsubstituted C.G.-aminoalkylcarboxy, a substituted or
unsubstituted C.G.-aminoalkyloxyaminoalkylaminocarbo-
nyl, a substituted or unsubstituted C.G.-aminoalkylamin-
ocarbonyl, a substituted or unsubstituted C.G.-aminoalkyl-
carboxyamido, an C.G.-quaternary ammonium
alkylcarboxy, C.G.-HN—HC(Q:)-C(O)—0O—, C.G.-HN—
HC(Q;)-C(O)—N(H),,, C.G.-azidoalkyloxy, C.G.-cyano-
alkyloxy, a substituted or unsubstituted C.G.-guamdinoalky-
loxy, and a substituted or unsubstituted C.G.-
guanidinoalkylcarboxy.

4. The prodrug of claim 2, wherein each of R;, R, and
R,, are selected from the group consisting of a substituted or
unsubstituted C.G.-aminoalkyl, a substituted or unsubsti-
tuted C.G.-aminoalkyloxy, a substituted or unsubstituted
C.G.-aminoalkylcarboxy, a substituted or unsubstituted
C.G.-aminoalkyloxyaminoalkyl-aminocarbonyl, a substi-
tuted or unsubstituted C.G.-aminoalkylaminocarbonyl, a
substituted or unsubstituted C.G.-aminoalkylcarboxyamido,
an C.G.-quaternary ammonium alkylcarboxy, C.G.-HN—
HC(Q;)-C(O)—0O—, C.G.-HN—HC(Q,)-C(O)—N(H)—,
C.G.-azadoalkyloxy, C.G.-cyanoalkyloxy, a substituted or
unsubstituted C.G.-guanidinoalkyloxy, and a substituted or
unsubstituted C.G.-guanidinoalkylcarboxy.

5. The prodrug of claim 2, wherein each of R;, R, and
R,, are selected from the group consisting of C.G.-amino-
alkyloxy and C.G.-aminoalkylcarboxy.

6. The prodrug of claim 2, wherein each of R;, R,, and
R,, are C.G.-aminoalkyloxy, and the alkyl portion 1s C,-C,.

7. The prodrug of claim 2, wherein C.G. 1s a sulfoalkyl
group bonded to the amino terminal such that an alkyl
portion of the sulfoalkyl group 1s bonded to the terminal
amino and a sulfo portion of the sulfoalkyl group 1s terminal.
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8. The prodrug of claim 7, wherein C.G. 1s a sulfomethyl

group.

9. The prodrug of claim 1, wherein the CSA compound

has a structure according to formula II:

(1)

RM

wherein,

R, 1s selected from the group consisting of: hydroxy,
optionally substituted C,_, . alkoxy, optionally substi-
tuted amino, optionally substituted C, _,, alkylamido,
optionally substituted C, _, ; alkylureayl, optionally sub-
stituted C, _, 4, alkylcarboxy, and optionally substituted
ureayl;

R, 1s selected from the group consisting of: H, hydroxy,
optionally substituted C,_, alkoxy, optionally substi-
tuted amino, optionally substituted C,_,; alkylamido,
optionally substituted C,_, s alkylureayl and optionally
substituted C, _, ; alkylcarboxy;

R, 1s selected from the group consisting of: H, hydroxy,
optionally substituted C,_, . alkoxy, optionally substi-
tuted amino, optionally substituted C,_,; alkylamido,
optionally substituted C, _, ; alkylureayl, optionally sub-
stituted C, _, s alkylcarboxy, and optionally substituted
ureayl; and
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R, < 1s selected from the group consisting of: H, optionally
substituted C,_,; alkyl, and —R,,—(C=0)—N—
R,,R,,, where,

R,, 1s omitted or substituted or unsubstituted alkyl, alk-
enyl, alkynyl, or aryl, and

R,, and R,, are independently selected from the group
consisting of hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, or substituted or unsubstituted

aryl, provided that at least one of R,, and R,, 1s not

hydrogen.

10. The prodrug of claim 9, where,

R,, 1s omitted or substituted or unsubstituted C,-C,,
alkyl, substituted or unsubstituted C, -C, , alkenyl, sub-
stituted or unsubstituted C, -C, , alkynyl, or substituted
or unsubstituted C, or C,, aryl, and

R,, and R,, are independently selected from the group
consisting ot hydrogen, optionally substituted C,-C,,
alkyl, optionally substituted C,C,, alkenyl, optionally
substituted C,-C, alkynyl, optionally substituted C, or
C,, aryl, optionally substituted 5 to 10 membered

heteroaryl, optionally substituted 5 to 10 membered

heterocyclyl, optionally substituted C.,-C,,aralkyl,
optionally substituted (5 to 10 membered heteroaryl)-
C,-C, alkyl, optionally substituted C,-C, , carbocyclyl,
optionally substituted C,-C,, (carbocyclyl)alkyl,
optionally substituted (5 to 10 membered heterocy-
clyl)-C,-C, alkyl, optionally substituted amido, and
amine protecting group.

11. The prodrug of claim 9, wherein R, , and R, ,, together
with the atoms to which they are attached, form an option-
ally substituted 5 to 10 membered heterocyclyl ring.

12. The prodrug of claim 1, wherein the prodrug 1s
selected from the group consisting of:

O,
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35
wherein R 1s a cleavable group selected from the group 13. The prodrug of claim 1, wherein B 1s a sulfomethyl
consisting of CH,SO, or salt thereof, with a CH, group.
portion of the cleavable group being bonded to the 14. The prodrug of claim 1, wherein A 1s selected from the
terminal amine. group consisting of:

(CSA-8)

(CSA-13)

T
a1}
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(CSA-44)

(CSA-90)

(CSA-92)

(ChA-131)
(CSA-134)
NN ,,
N 0 I, . AU U U VUaVYaVaN |
- H
H
3 3
H
(CHA-136)
NN ty,
H,N 9 ’,, N /‘\/\/\/\/\ |
= H
H
3 3
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and pharmaceutically acceptable salts thereot, stereoisomers
thereol, solvates thereol, and polymorphs thereof.

15. The prodrug of claim 1, wherein the prodrug com-
Prises:

and wherein R 1s a cleavable group selected from the
group consisting of CH,SO; or salt thereof.
16. The prodrug of claim 1, wherein the prodrug com-
Prises:

R .
. N /\/\O\\\‘

H

and wherein R 1s a cleavable group selected from the
group consisting of CH,SO; or salt thereof.

17. The prodrug of claim 1, wherein B 1s a group that 1s
hydrolyzed under acidic conditions.

18. The prodrug of claim 1, wherein the C.G. 1s sensitive
to and 1s altered or removed by at least one of ligase,

1somerase, lyase, transferase, hydrolase, or oxidoreductase
eNzZymes.

19. The prodrug of claim 1, wherein the C.G. 1s sensitive

to and 1s altered or removed by at least one of change 1n pH,
temperature, 1onic conditions, or water content.

20. The prodrug of claim 1, wherein the C.G. 1s attached
via a hydrolysable connection.

21. The prodrug of claim 1, wherein C.G. 1s removable or
alterable upon contact of the CSA prodrug with other
ingredients during preparation of a pharmaceutical formu-
lation.
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(CSA-192)

and

22. A pharmaceutical composition, comprising the prod-
rug of claim 1 and at least one pharmaceutically acceptable
carrier or diluent.

23. The pharmaceutical composition of claim 22, further

comprising at least one additional therapeutic agent.

24. The pharmaceutical composition of claim 23, wherein

the at least one additional therapeutic agent 1s selected form

the group consisting of anti-bacterial agents, anti-fungal

agents and anti-inflammatory agents.

25. The pharmaceutical composition of claim 22, wherein

the composition 1s formulated into a dosage form selected
from the group consisting of: capsule, soft-gelatin capsule,
tablet, suspension, injectable, liposomal delivery device,
surface-coated liposomal delivery device, suppository, pow-

der and liquid.

26. A method for treating a subject suflering from a
bacterial or fungal imnfection comprising administering to the
patient the pharmaceutical composition of claim 22.

27. A method for treating a subject suflering from cystic
fibrosis comprising administering to the patient the pharma-
ceutical composition of claim 22.

28. A method for treating a subject suffering from a
multiple myeloma comprising administering to the patient
the pharmaceutical composition of claim 22.

29. A medical device for placement 1n a subject 1n need of
treatment having inside and outside surfaces and at least one
of mside and the outside surfaces being coated with a drug
release coating comprising the prodrug of claim 1 and at
least one pharmaceutically acceptable carrier or diluent, the
drug release coating being eflective to release a therapeuti-
cally desired amount of the prodrug to the subject in need.

G o e = x
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